abstract. The paper aims to improve the methodology of measuring efficiency of Latvian banks. Efficiency scores were calculated with application of non-parametric frontier technique Data Envelopment Analysis (DEA). Input-oriented DEA model under Variable Returns to Scale (VRS) assumption was used. Potential model variables were selected based on the intermediation and profitability approach. Fourteen alternative models with different inputs-outputs combinations were developed for the research purposes. To substantiate the variables selection for DEA model the received data was processed, using such methods, as correlation analysis, linear regression analysis, analysis of mean values, and two-samples Kolmogorov-Smirnov test. The research results assisted the authors in providing general recommendations about the variables selection for DEA application in the Latvian banking sector. The present research contributes to the existing analytical data on bank performance in Latvia. The empirical findings provide a background for further studies, in particular, the efficiency of Latvian banks could be analysed in the extended time period. keywords: bank efficiency, Latvia, DEA data envelopment analysis.
financial services providers. To survive in the competitive struggle and to achieve the overwhelming goal of shareholder wealth maximization, banks are forced to extend the range of traditional banking functions. Nowadays, banks are not only intermediaries and liquidity providers, but they also act as information channels, risk managers, drivers of innovations, etc. Due to the critically important role of financial institutions in the national economy bank performance is a frequently discussed topic in an academic environment.
In turn, performance of banks is a wide concept concerning such issues, as competition, concentration, efficiency, productivity, and profitability (Bikker, Bos 2008; Heffernan 2005) . The wide range of performance-related themes yielded a great diversity on the banking research agenda.
However, there is no consensus among researchers regarding the most appropriate method to measure bank efficiency. Traditional single ratios, such as return on equity, do not provide reliable results due to the complex operational environment of banks (Yang 2009 ). Applying ratio analysis, it is possible to examine "only a part of the organization's activities" (Arshinova 2011). Efficiency measuring techniques based on the frontier approach allow to overcome this problem by incorporation of multiple inputs and outputs.
The current paper highlights the issue of measuring efficiency performance of banks with a non-parametric frontier technique -data envelopment analysis (DEA). DEA is a widely applied technique for measuring relative efficiency of banks within the sector, making cross-country benchmarking or comparing performance of bank's branches.
A wide range of studies are devoted to the issues of DEA model misspecification (Simar, Wilson 2000; Pastor et al. 2002; Jenkins, Anderson 2003; Fanchon 2003; Ruggiero 2005; Adler, Yazhemsky 2010; Luo, Liang 2012; Xie et al. 2014) . The most disputable topic is the choice of inputs and outputs, because the improper variables selection can substantially distort the results' reliability.
The analysis of literature on DEA application yielded a particularly large range of ways the model could be applied (Baležentis et al. 2013; Hajiagha et al. 2013a Hajiagha et al. , 2013b Hajiagha et al. , 2013c Jaržemskienė 2012; Lee et al. 2012; Nazarko, Šaparauskas 2014; Wong et al. 2012; Zheng et al. 2011) . The application of the model to the other managerial cases promises to reveal further potentials to improve the model. The importance of this issue for Latvian banking sector is obvious, considering the lack of relevant studies performed by the local researchers.
The goal of the paper is to substantiate the variables selection for DEA model applied in the Latvian banking sector, thus, improving the methodology of measuring efficiency of Latvian banks.
Data sample consists of financials as for the year 2012 extracted from the annual reports of 15 Latvian banks currently operating in the market. Considering the traditional nature of Latvian banking business, the authors stated the research hypothesis aimed to find arguments pro using intermediation approach for variables selection, applying DEA method in the Latvian banking sector.
H1: Deposits and loans should be used as the key variables in DEA model to measure an efficiency of Latvian banks.
To achieve the established goal and to test the research hypothesis the authors calculated relative efficiency of Latvian banks, using DEAFrontier software. Fourteen models with different combinations of variables were used for research purposes. The received data was processed with the application of SPSS software, applying such methods, as correlation analysis, linear regression analysis, analysis of mean values, and Kolmogorov-Smirnov test (KS test) for independent samples.
Due to the limited amount of studies in the field of measuring efficiency in Latvian banking sector, the results of the present research are important for analysts who are interested in applying DEA methods for banks' benchmarking. The empirical findings provide a background for further studies; in particular, the results of testing research hypotheses allow to make a reasonable choice of DEA model specification. It is planned to extend the present study, making an investigation of the dynamics of Latvian banks' efficiency over time.
literature review

application of data envelopment analysis in measuring bank efficiency
Data envelopment analysis is one of the most popular methods applied in the studies on measuring efficiency of companies. The authors made a search for DEA-related papers in Scopus, EBSCO and Science Direct data bases. In the result more than 20000 of papers were found. The number of papers is rather impressive. It indicates the fact that the issues regarding DEA application at measuring efficiency are still on the agenda and require the further investigation. DEA also is widely applied in studies on efficiency issues in banking (Arshinova 2011; Nigmonov 2010; Yang 2009; Zreika, Elkanj 2011; Pančurová, Lyócsa 2013; Ferreira 2012 and others) .
However, there is very limited number of studies on bank efficiency with application frontier techniques in the new member states of the European Union, in particular in the Baltic countries. Only a few papers were found by the authors (Arshinova 2011; Eriņa, Eriņš 2013; Adamauskas, Krusinskas 2012; Titko, Jurevičiene 2014) . Considering that DEA approach has been used since the early 1980's, the methodological and informational gap in studies on bank efficiency conducted by local researchers becomes apparent.
Efficiency of Latvian banks was also measured in the framework of pan-European studies (Ferreira 2012; Anayiotos et al. 2010; Pančurová, Lyócsa 2013) . Table 1 provides the review of several scientific papers containing the results of DEA efficiency evaluation in the Latvian banking sector.
When measuring the efficiency of Latvian banks, different authors apply different specifications of DEA model. Diversity of the applied models primarily is determined by various input-output combinations. Considering that improper variable choice can substantially bias measuring results, it is important to study the impact of specific variables on the bank efficiency, using data of Latvian banks' sample. 
productivity, efficiency and data envelopment analysis
Productivity and efficiency are the two closely related concepts that are used interchangeably most often (Cooper et al. 2007) . Productivity is expressed by the outputs-to-inputs ratio (Lovell 1993) . However, the efficiency ratios seem to be more comprehensive. Daraio and Simar define it "as a distance between the quantity of input and output, and the quantity of input and output that defines a frontier, the best possible frontier for a firm in its cluster (industry)" (Daraio, Simar 2007) . The main contributors to the implementation of the analytical approach to measuring efficiency were Debreu with his coefficient of resource utilization (Debreu 1951) ; Koopmans with his definition of an efficient point (Koopmans 1951) and Farrell with his famous work "The Measurement of Productive Efficiency" (Farrell 1957 ). Farrell introduced the term "efficient production function" and showed how to measure productive efficiency in practice.
In the current paper the efficiency of Latvian banks was measured with an application of Data Envelopment Analysis (DEA). This method was proposed in 1978 (Charnes et al.1978) and in the academic literature it is referred to as CCR model. DEA helps to identify efficient companies and to construct efficient production frontier. DEA models measure the relative efficiency that is the efficiency of each company relative to similar companies in the sample. Thus, applying DEA in evaluating performance of a set of companies, it is possible to form two clusters: companies that comprise an efficient frontier and inefficient companies lying below the frontier.
Applying DEA model, the efficiency score is estimated as the ratio of weighted outputs to weighted inputs (Charnes et al.1978) . Weights are selected for each variable of every analysed unit in order to maximize its efficiency score. The efficiency rate for each unit of the reference set of j = 1, … , n companies is evaluated relative to the other set members (Charnes et al. 1978) . The maximal efficiency score is equal to 1, and the lower values indicate relative inefficiency of the analysed objects (see Eq. 1):
subject to:
The fractional model can be transformed to a linear programming problem (see Eq. 2). It should be solved n times for each company in the reference set: 
Specification of DEA model is determined by: 1) the goal of the optimization task (cost minimization or profit maximization), 2) returns-to-scale assumption (constant returns to scale (CRS) or variable returns to scale (VRS)), and 3) specification of a conceptual approach to business that denotes a combination of model inputs and outputs.
Detailed explanations of CCR model modifications and mathematical transformations are provided, for instance, by Erkoc (Erkoc 2012) .
In the studies of banking performance, the input-oriented DEA models are the most frequently used in measuring bank efficiency (Arshinova 2011; Nigmonov 2010; Yang 2009; Zreika, Ekanj 2011) . The possible reason is that the bank managers have higher control over inputs rather than over outputs (Fethi, Pasiouras 2010 ). In the current paper input-oriented DEA is applied.
In regard to scale assumption there is no consensus between researchers. Original DEA model (CCR model) was developed under CRS assumption (Charnes et al.1978) , by which is meant that "t times increase in inputs will result in t times increase in output" (Fethi, Pasiouras 2010) . Later, the model was modified into the BCC model (Banker et al. 1984 ) that employed VRS assumption. VRS assumption implies that "equiproportionate increases in factor inputs yield a greater (or less) than equiproportionate increase in output" (Heffernan 2005) . Experts point to the fact that CRS can be applied only for the companies which operate at an optimal scale (Coelli et al. 1998) . In turn, in many industries (including banking sector) such factors, as imperfect competition or government regulations, may cause the deviation from an optimal scale (Coelli et al. 1998; Beccalli et al. 2006; Singh et al. 2008) . Besides, VRS is considered to be more appropriate assumption for measuring efficiency in developed banking sector (McAllister, McMaus 1993; Wheelock, Wilson 1995) . In the current research DEA model is applied under VRS assumption.
The most frequently discussed question in DEA-related papers is the determination of model variables, i.e., the combination of inputs and outputs. The selection primarily is based on three basic approaches to banking: intermediation approach, production approach and profitability approach. Emphasizing the intermediary role of banks, loans and securities are treated as outputs, whereas deposits, labour and capital as inputs (Sealey, Lindley 1977) . Production approach assumes that banks use capital and labour to produce different kinds of banking products, in particular loans and deposits (Heffernan 2005 ). Profitability approach is quite similar to the production approach, but the outputs of profitability approach are more profit-oriented, such as interest income and non-interest income (Thagunna, Poudel 2013) .
The analysis of DEA-related literature yielded a conclusion that basically deposits are treated as inputs, i. e. intermediation approach is prioritized (Shahooth, Battall 2006; Nigmonov 2010; Singh et al. 2008; Beccalli et al. 2006; Thagunna, Poudel 2013) . Table 2 provides the information on DEA model variables used in the latest studies on measuring bank performance. The choice of a model specification has a significant impact on research results. Statistically rigorous methods should be applied for model variables selection. Besides, the number of the variables is quite important, because "the greater the number of variables a DEA model has, the more efficient DMUs will be" (Xie et al. 2014) and, thus, the number of efficient companies increases. The researchers should apply DEA method with caution, considering industry-and country-specific factors.
research methodology
research environment
Transition process to the market-oriented economy in the new member states of the European Union led to the liberalization of the financial systems and increased foreign competition. New market players mainly from Scandinavia, Russia and Ukraine entranced Latvian banking sector during the last two decades. Since 2000 the number of Latvian banks remains rather constant. In the year 2014 seventeen local banks and ten financial service providers from the European Economic Area operate in Latvia (ACBL 2014).
Latvian banking sector is highly concentrated, with the top five banks accounting for more than 60% of the sector's total assets. The largest Latvian banks in terms of assets are Swedbank (18%), SEB banka (14%), ABLV bank (11%), DNB banka (9%), Rietumu Banka (8,4%), and Citadele banka (7%). Market share of the other banks is below 3%.
Besides, banking sector in Latvia is strongly dominated by foreign investors. Over 70 percent of total contributed capital of Latvian banking system belongs to foreign financial groups and institutions. Only five banks are owned (total participation is greater than 51%) by local companies and privates: ABLV bank, Baltikums Bank, Baltic International Bank, Rietumu banka and Latvijas pasta banka. Main shareholder of Citadele Banka is the Latvian government. Shareholders of the largest Latvian banks -Swedbank and SEB banka -are Swedish Swedbank and Skandinaviska Enskilda Banken, respectively. Seven banks are owned by Russian and Ukrainian investors (FCMC 2014a).
Performance of Latvian banks, expressed by return-to-equity ratio, was negatively affected by the global financial crisis. Banking sector of the Baltic States suffered the most, comparing with the other European countries (ECB 2014).
Since 2008 five banks stopped their operations: Parex banka, Latvijas Krajbanka, Ge Money Bank, UniCredit Bank and Latvijas Hipoteku un zemes banka (Mortgage Bank). In 2008 one of the largest Latvian banks -Parex banka -collapsed and Latvian government was forced to take it over. In 2010 Parex Bank was split into a new Bank (Citadele Bank) and a Resolution Bank (Reverta). Insolvency of Latvijas Krajbanka in 2011 was caused by the collapse of its main stockholder -Lithuanian Snoras bank. Ge Money Bank collapsed in 2013 and its customers' accounts were transferred to Citadele bank. Mortgage Bank continues its operations as the state joint-stock company "Altum", commissioned by the government to provide support to specific groups of entrepreneurs and population.
At the moment, situation within the sector is stable. Since 2012 profitability ratios (ROE and ROA) are positive, cost-to-income ratio demonstrates decreasing trend. Bank concentration is 64,1% in terms of assets, 77% in terms of loans and 66,7% in terms of deposits (FCMC 2014b) . Economy, 2014, 20(4): 739-757 Participants of Latvian banking market are considered to be very traditional ones. Key funding source for Latvian banks remains customers' deposits (62% of total banking sector's liabilities as for 2012) that are transformed primarily into customers' loans (58% of total banking sector's assets as for 2012). Only some banks are actively engaged in portfolio investments and have a substantial share of securities in their total assets (as for 2012: ABLV Bank -25%; NORVIK BANKA -28%; Latvijas pasta banka -40%). In the period from 2005 to 2012 the volume of total investments in securities in the Latvian banking sector did not exceed 10% of total assets.
Technological and Economic Development of
Thus, the main income source for Latvian banks is interest income that, in turn, primarily is compiled from interest income on loans to customers -since 2004 the share of interest income on loans to non-monetary financial institutions (non-MFIs) in total interest income has been over 70% in all the years (FCMC 2014b). It should be mentioned, however, that 2008-2009 financial crisis was followed by the significant decrease in the quality of loans of Latvian banks. Studying the relationship between the volume of loans to non-MFIs and interest income from loans to non-MFIs, it was detected that in the pre-crisis period (2004) (2005) (2006) (2007) (2008) these variables perfectly correlated (Pearson's r = 0.806), but in 2009-2012 no significant correlation was revealed ((Pearson's r = 0.27). In regard to the variable selection process it means that, choosing the items to be treated as outputs in DEA model, external analysts should pay attention to the share of nonperforming loans in banks' balance sheet. Banks with a big share of bad loans could be overestimated, applying DEA model with output represented by volume of loans. In this case the better choice for output is the sum of interest income, net interest income or interest margin.
research design
Research sample consists of 15 commercial banks operating at the moment in the Latvian banking sector. Branches of foreign financial institutions were not included in the sample, as well as two banks from the list -Bank M2M Europe and Rigensis Bank. The latters were excluded due to the specifics of their business -they do not issue loans to non-MFIs. Data used for the analysis was extracted from the financial statements as for 2012.
The process of the development of DEA model starts with the selection of potential model variables. The most significant items from banks' balance sheet and income statement were selected initially. Besides, net interest margin was added to the list of outputs. Net interest margin is "a proxy for the income generation capacity of the intermediation function of banks" (ECB 2010). Considering that Latvian banks are engaged primarily in traditional banking activities, this measure can adequately reflect the specifics of Latvian banking business.
In the current research the authors did not consider the problem that some variables can be treated as inputs and outputs simultaneously. The restrictions to the status of variables are made: the place of the variables in the list of inputs or outputs is determined a priori (see Table 3 ). Xie et al. 2014) . The simplified method to determine relevant variables is to omit highly correlated ones from the list (Jenkins, Anderson 2003; Luo, Liang 2012) .
Correlation analysis in SPSS was performed both for the set of inputs and the set of outputs to reveal highly correlated variables within the sample data. Figure 1 and Figure 2 demonstrate the received results. Correlation analysis revealed the fact that there is a strong correlation between most of the variables (**correlation is significant at 0.01 level). Only two inputs are not highly correlated -deposits from customers and balances due to credit institutions. It means, in turn, that when selecting the inputs for the model we can use either each of the variables The number of uncorrelated output variables is larger, comparing with the set of inputs. All the variables can be used as a singular output in the model. All possible combinations of variables were considered, leading to 63 different combinations of outputs. To reduce this amount, the authors performed regression analysis to define the final set of DEA models to be applied for measuring bank efficiency. Selected inputs (deposits from customers, balances due to credit institutions (further in the text balances due to banks) and interest expense) were treated as predictors, while each of the potential outputs was treated as a dependent variable. The solution is based on the significance of the regression coefficients. Inputs with the statistically significant coefficients could be used with the certain output in one model. Table 4 demonstrates the results of the regression analysis.
Predictors with the statistically significant coefficient (p-value < 0.05) can be used as explanatory variables for outputs. For instance, interest expense can be treated as input and interest income as output in one model. If a potential output has no variables with statistically significant coefficients (as net interest margin), it can be combined with other uncorrelated outputs.
Based on the results of the correlation analysis ( Fig. 1 and Fig. 2 ) and the regression analysis (Table 4) , the authors developed 14 DEA models to calculate efficiency scores. Obviously, the list is quite bigger, but a number of restrictions were stated.
Considering that the total number of the analysed companies should be three times larger than the sum of variables (Jenkins, Anderson 2003; Ruggiero 2005) , in our case it is possible Fig. 2 . Results of the correlation analysis for output variables to employ maximum five inputs and outputs in the model. Besides, some variables cannot be used in one model even in the case they are not the correlated ones. For instance, interest income and net interest margin cannot be outputs simultaneously.
To achieve the established research goals, fourteen different combinations of variables were used to develop DEA models for measuring efficiency of Latvian banks. Models differ also in the number of incorporated variables: five models with two variables, five models with three variables, two models with four variables and two models with five variables (see Table 5 ).
The developed M1-M14 models were applied to measure relative efficiency of Latvian banks. Considering that DEA assumes all the variables to be non-negative numbers, value of net interest margin for PrivatBank was changed to zero (real value is -0.08).
Efficiency was measured, using DEAFrontier software. Received data was processed in SPSS 20.0 environment. Basic measures of descriptive statistics (min, max, median and standard deviation (StDev)) were calculated for each particular model and each individual bank. Kolmogorov-Smirnov test was applied to compare the data samples received from the application of DEA models with different variables combinations and to define the models providing different results. To reveal the variables contributing the most to the efficiency level regression analysis was performed, using DEA score as a dependent variable and models' inputs and outputs as predictors. Economy, 2014, 20(4): 739-757 
research results
Application of input-oriented DEA models under VRS assumption yielded efficiency scores for the analysed banks (see Table 6 and Table 7 ). Table 6 . Efficiency scores estimated for Latvian banks, using models M1-M7 Bank name  M1  M2  M3  M4  M5  M6  M7 Without any statistical analysis, it is obvious that the best results are demonstrated by Swedbank, ABLV Bank, NORVIK BANKA and Latvijas pasta banka, which have 100% efficiency in 12, 10, 9 and 11 cases respectively. In turn, TRASTA KOMERCBANKA, PrivatBank and Regionala investiciju banka are inefficient whatever model specification is applied. Table 8 summarizes the descriptive statistics measures for each particular model. Applying all the models, the maximal efficiency score is equal to 1, meaning that at least one bank in the sample was efficient. However, the distance between minimum and maximum is quite large. For instance, applying M3 and M8 models, the most efficient bank and the least efficient bank have difference in DEA scores equal to 0.935! Table 9 summarizes the statistics measures, calculated for each individual bank. The results of almost all banks deviate significantly. Besides, ten banks from the sample demonstrate the lowest efficiency, calculated with the application of M3 and M8 models. Economy, 2014, 20(4): 739-757 To reveal the models providing significantly different results, Kolmogorov-Smirnov test was applied. Data received with the application of two different models was compared, applying KS test for 91 pair of the developed 14 models (see Table 5 ). Table 10 demonstrates only the cases when the null hypothesis (samples are drawn from the same distribution) was rejected and the Kolmogorov-Smirnov statistic was significant at 0.05 level.
Analysing the result of KS test, it was revealed that the models M3 and M8 provide significantly different results, comparing with all other models. The reason is that only these particular models have Securities as a single output (see Table 5 ). Considering that the most Latvian banks are not actively engaged in securities investment business, it is clear why their efficiency decreases dramatically, applying these models. In turn, ABLV Bank, NORVIK BANKA and Latvijas pasta banka, which have substantial share of securities in their assets, demonstrate 100% efficiency with application of M3 and M8. However, we need the model with no discriminating effect. That is why the analysts should avoid using DEA models with Securities treated as a single output. However, Securities can be used as output in combination with another variable, for instance, Loans.
To specify the most appropriate variables for inclusion into DEA model, KS test results were used to reveal the cases when the null hypothesis (samples are drawn from the same distribution) was confirmed. Ten pairs of models were found and common variables were detected (see Table 11 ).
In seven cases the common variable is Deposits from customers. To test the assumption that deposits determine data similarity, regression analysis was performed. DEA efficiency calculated with the models M4, M7, M11, M12, M13, and M14 was used as a dependent variable, inputs and outputs of the corresponding model were used as predictors. The authors tested two alternatives for each model: with and without Deposits. In some cases adjusted R 2 even increased, removing Deposits from the model. Thus, we have no statistically significant evidence that Deposits have the significant impact on DEA score.
The same analysis was performed in regard to Loans. Variables of the M7, M10, M11, and M13 were used for regression analysis, using as a dependent variable DEA scores calculated with the corresponding model. Based on the results, Loans also cannot be considered as the significant contributor to the efficiency measure.
The results point to the fact that we cannot confirm the research hypothesis. This issue requires the further investigation with the larger data sample.
As the last step of the research 14 regression equations were constructed, using DEA scores as a dependent variable and all the model variables as predictors. The models were ranked from the highest value of the adjusted R 2 to the lowest. M13, M12, and M14 models were on the top with the adjusted R 2 equal to 0.923, 0.907 and 0.889 respectively. However, regression coefficients were not statistically significant. Probably, another set of models with different variables combinations should be developed and the results of their application should be tested to get more conclusive data.
conclusions
In the current paper efficiency of Latvian banks was measured with application of input-oriented DEA model under VRS assumption. Based on the DEA-related literature review, fourteen alternative model specifications were developed, considering the results of previously Economy, 2014, 20(4): 739-757 conducted correlation analysis. Highly correlated variables were not included in one model. Besides, regression analysis was used to substantiate variables selection. The best results were demonstrated by Swedbank, ABLV Bank, NORVIK BANKA and Latvijas pasta banka. In turn, TRASTA KOMERCBANKA, PrivatBank and Regionala investiciju banka are inefficient whatever model specification was applied. Top five Latvian banks in terms of assets also make top five in terms of efficiency. Swedbank (1.000) ABLV Bank (1.000) are the leaders. Rietumu banka (0.887), DNB banka (0.852) and SEB banka (0.851) take the third, fourth and fifth place respectively. The worst results (lowest average efficiency) are demonstrated by Regionala investiciju banka (0.324), Expobank (0.267) and PrivatBank (0.240).
Research hypothesis stated by the authors -Deposits and loans should be used as the key variables in DEA model to measure efficiency of Latvian banks -was rejected.
The authors did not find any statistical evidence to support the hypothesis. The attempt to reveal the variable with the large contribution to the efficiency scores failed. The issue of variables selection to apply DEA method in the Latvian banking sector requires further investigation.
At the current moment the authors can provide only general recommendations. For instance, Securities cannot be used as a single output in DEA model for measuring efficiency of Latvian banks. The reason is that only several banks in the market deal with securities investments rather actively. It is better to use variables reflecting business specifics of all the market players to get fair results. Besides, during the period of financial turbulence it is better to use Interest income or other profit-oriented variables (net interest income, net interest margin or operating profit) as outputs instead of Loans due to the large share of non-performing loans in banks' assets.
For the future research the larger set of potential variables could be used. Besides, the developed models could be applied using latest financial data. 
